Background: Massive hemorrhage is one of the most common problems encountered during a liver transplantation procedure. Correction of the blood loss using packed red cells (PRC) is essential during the procedure to improve outcome. This retrospective study aims to investigate preoperative and intraoperative factors that may predict the PRC need. Materials and methods: Thirty-four patients who underwent pediatric liver transplantation procedure within 2010-2018 were included in this study. Their medical record was examined and the data was analyzed using a comparison of mean and regression model.
INTRODUCTION
The first liver transplantation procedure was done by Thomas Starzl in the University of Colorado in 1963 1 and has become the therapeutic modality for end-stage liver disease. In Indonesia, liver transplantation was first introduced in 2010. One of the major problem during liver transplantation is intraoperative massive bleeding.
2
Rigorous hemodynamic monitoring and timely administration of blood products are essential to improve surgical outcome. 3 Intraoperative administration of packed red cells (PRC) often predicts postoperative mortality. However, it is unclear whether the post-operative mortality is attributed to worse patients' baseline condition, more complex surgical procedure, or immunomodulation effects of blood transfusion. 4 For these reasons, efforts to control bleeding and predict the amount of PRC needed have become a cornerstone in perioperative patient management of liver transplantation.
Pediatric patients possess difference physiologic characteristics compared to adult patients where a small amount of blood loss can produce significant hemodynamic changes. Impaired liver function will only further complicate these problems. 3 Previous studies have identified predicting factors to the intraoperative need for PRC transfusion in liver transplantation such as body weight and height, physical status, previous surgery, preoperative hemoglobin and thrombocyte, prothrombin time (PT), activated partial thromboplastin time (aPTT), international normalized ratio (INR), albumin, and pediatric end-stage liver disease (PELD) score.
5, 6 However, pediatric liver transplant patients may have different characteristics. This study aims to identify factors associated with the need for intraoperative PRC transfusion in pediatric patients undergoing liver transplantation in Cipto Mangunkusumo Hospital.
MATERIALS AND METHODS
This is a retrospective study taken from the medical records of pediatric patients (0-18 years of age) underwent liver transplantation in Cipto Mangunkusumo Hospital between 2010 and 2018. All patients who qualified for inclusion and exclusion criteria were enrolled in this study. The study protocol was approved by the Health Research Ethics Committee of the University of Indonesia.
Patients who died intraoperatively and patients with the incomplete medical record were excluded from the analysis. The need for intraoperative PRC transfusion was divided into 3 groups: low (<40 mL/ kg), moderate (40-60 mL/kg), and high (>60 mL/ kg). Variables analyzed for the need for intraoperative PRC transfusion are listed in Table 1 .
Data were tabulated and analyzed using Statistical Package for Social Sciences (SPSS) version 21.0. 
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RESULTS
As many as 34 pediatric patients in Cipto Mangunkusumo Hospital undergoing liver transplant from 2010-2018 were enrolled in this study. The mean age of pediatric liver transplantation patients was 18.59±13.04 years. Most of the patients were male (53%) and stunted (62%). None had a previous history of bleeding.
The most common cause of liver transplantation is extrahepatic biliary atresia (50%), followed by liver cirrhosis (35.3%). Other etiologies for liver transplantation include Allagile syndrome, BuddChiari syndrome, Caroli disease, and choledochal duct cyst. The demographic data of all subjects are displayed in Table 2 .
A non-parametric comparison of the transfusion requirement for each independent variables was described in Table 3 . Patients with high transfusion requirement (>60 mL/kg BW) have higher bleeding volume compared to patients with low and moderate transfusion requirement (p <0.05).
An ordinal regression model was conducted to predict factors that may affect transfusion requirement (Table 4) . This model resulted in four variables that potentially affect transfusion requirement (p <0.05) i.e. age, weight, duration of surgery and bleeding volumes. The four variables were used to construct a multivariate analysis model in Table 5 .
The multivariate analysis model in Table 5 demonstrated that weight and bleeding volume were significant predictors to transfusion requirement. A higher body weight predicted less transfusion requirement while higher bleeding volume predicted higher transfusion requirement.
DISCUSSION
This study demonstrated that the mean anthropometric data for pediatric liver transplantation were 18.59 months, with 9.01 kg in weight, and 73.51 cm in height. These findings were consistent with previous studies were most pediatric liver transplantation patients were aged <2 years old.
7-9
The main indications for liver transplantation in pediatric patients are cholestatic diseases, mainly biliary atresia.
8,9
According to the European Liver Transplant Registry, 74% of recipients under 2 years of age and more than 40% of older children had cholestasis. A substantial percentage of these patients were malnourished (28%), signifying the severity of the Massive bleeding is defined as the loss of more than 50% of blood volume in the first 3 hours of surgery. Pediatric population is especially vulnerable to massive bleeding due to an immature hemostatic mechanism such as low coagulant and procoagulant concentration as well as relatively dysfunctional fibrinogen. 10 This study demonstrated that massive bleeding occurred in 31 out of 34 cases (91%).
This result demonstrated that liver transplant is a complex procedure with a substantial bleeding risk that may affect surgical outcome. Blood transfusion is associated with severe complications such as hypothermia, abnormalities in electrolytes, immunological complications, coagulopathy, transfusion reaction, and postoperative mortality.
11 Monitoring of bleeding in pediatric patients becomes problematic due to the ability of pediatric patients to physiologically compensate for arterial blood pressure after 25-40% blood loss. For this reason, signs and symptoms of hypovolemia cannot be used as a predictor of early blood loss. 10 Nacoti, et al. reported that bleeding volume and allogeneic red cell transfusion affected patient and transplant outcome.
12
It is also interesting to note that there was a discrepancy in the bleeding volume and the transfused PRC volume reported in this study. The mean bleeding volume was 906.652 ± 674.30 mL while the mean PRC transfusion was 566.71 ± 674.30 mL. This finding may be attributed to the relatively low mean preoperative hemoglobin that did not prompt aggressive transfusion. The use of other crystalloid or colloid fluid intraoperatively may also be attributed to this discrepancy. The method of predicting blood loss in the operating theatre by counting the gauze used and the blood pooled in the suction may also give rise to underestimation or overestimation of the blood loss. 13 This difference may be attributed to the novelty of the liver transplant procedure in Cipto Mangunkusumo Hospital. The procedure has only been conducted for less than a decade with the frequency of 1-2 times in a month. A rigid transplantation selection criteria that were applied further limit the number of pediatric patients with chronic liver disease that were eligible to receive transplantation.
Patients with high transfusion requirement have a relatively longer duration of surgery (741.53 ± 122.20 minutes) compared to patients with moderate transfusion requirement (675.56 ± 59.40 minutes). The bleeding volume will increase as the surgery continues. Jin et al also demonstrated that preoperative hemoglobin and duration of surgery significantly differed between patients needing a massive transfusion and those needing a non-massive transfusion.
14
The decision to do blood transfusion including PRC is made based on multiple considerations. Prediction of blood loss is one major factor in decision making. Intraoperative laboratory parameters may be used as guidance but may also hinder decision making due to the time lapse between blood drawing and the results.
This study demonstrated that body weight and bleeding volume significantly affect PRC transfusion. It should be noted that univariate and multivariate analysis with ordinal regression has low reliability with a small sample size. The previous study has described preoperative hemoglobin and duration of surgery were significantly associated with massive bleeding and fluid correction requirement for pediatric liver transplantation patient.
This study observed that anthropometric parameter such as body weight, height, and malnutrition was not significantly associated with PRC transfusion requirement. Peripheral blood and coagulation profile such as hemoglobin, thrombocyte, PT/aPTT, INR, and albumin were not found statistically significant as well. The nature of the retrospective study left ample of opportunities for incomplete data.
CONCLUSION
This study concluded that there were significant differences in the means of bleeding volume between patients needing low, moderate, and high PRC transfusion. Preoperative body weight and bleeding volume were found to be significantly associated with PRC requirement.
